Purpose: Forkhead box K2 (FOXK2) is a member of the forkhead box family of transcription factors. Recently, researchers discovered that overexpression of FOXK2 inhibits the proliferation and metastasis of breast cancer, non-small cell lung cancer, and colorectal cancer, and is related to the clinical prognosis. However, in hepatocellular carcinoma, FOXK2 results in the opposite phenotypes. Currently, the contribution of FOXK2 to glioma pathogenesis is not clear.
Introduction
Glioma, a tumor derived from glial cells, is the most common primary intracranial tumor. It is a malignant tumor with a high degree of malignancy, a low rate of recovery, and poor prognosis. Glioma formation is a complex process. Although many studies have explored the mechanism and found some therapeutic targets, effective therapeutic targets for glioma have not yet been found. Glioma treatment is still limited to surgical excision, postoperative adjuvant radiotherapy, and chemotherapy, and the prognosis of glioma has not been fundamentally improved. 1 Forkhead box K2 (FOXK2), a member of the forkhead transcription factor, is a vital protein that can be phosphorylated by the cyclin complex. 2 
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in several signaling pathways, such as the mammalian target of rapamycin, WNT, and AKT signaling pathways. These signaling pathways regulate cell proliferation and death by influencing the expression of important genes through the transcription repressor FOXK2. 4, 5 Recently, researchers found that FOXK2 plays a crucial role in the occurrence and development of various tumors, and a high expression of FOXK2 is correlated with poor survival. [6] [7] [8] Chen et al 8 found that overexpression of FOXK2 suppresses epithelial-tomesenchymal transition (EMT) in non-small cell lung cancer, inhibiting the expression of N-cadherin and Snail. However, Lin et al 9 found that FOXK2 expression increased in hepatocellular carcinoma. FOXK2 is an oncogene and a promising prognostic biomarker in hepatocellular carcinoma.
Gene expression is regulated by a transcription program. FOXK2, as a transcription factor, regulates a number of genes involved in cell adhesion and motility, metabolism, apoptosis, and cancer tumorigenesis. [10] [11] [12] [13] Recently, a report from Shan et al 14 demonstrated that FOXK2 interacted with polycomb complex molecules and recruited distinct corepressor complexes, such as SIN3 transcription regulator family member A (SIN3A), RE1 silencing transcription factor (REST), nuclear receptor corepressor 2 (SMRT), and histone deacetylase (HDAC), which are important for gene transcription.
Currently, the role of FOXK2 in gliomas has not been studied. In this study, we examined 151 cases of glioma and analyzed the correlation with clinicopathological features. Meanwhile, the expression changes were used to examine the influence of FOXK2 on the glioma cell line.
Materials and methods clinical sample
During the period of January 2013-January 2015, 151 patients who were all diagnosed with glioma were randomly selected at the Department of Neurosurgery in Tianjin Huanhu Hospital, China. This research was approved by the Ethics Committee of Tianjin Huanhu Hospital. Written informed consent for this study was obtained from each patient. None of the selected patients received radiotherapy, adjuvant chemotherapy, or other supplementary therapies before the surgeries. After excision, the resected tissue samples were fixed immediately in 4% neutral-buffered formalin and were then processed for paraffin sectioning. To verify the results, another 46 fresh glioma tissues were obtained for real-time polymerase chain reaction (PCR). Two senior neuropathologists evaluated the extent of the pathology by the World Health Organization (WHO) classification system. Clinical follow-up was completed for all patients. The patients who died from other diseases or unexpected reasons were excluded from the evaluation. The expression score of FOXK2 was calculated by multiplying the staining intensity and the positive cells' percentage scores, ranging from 0 to 12. The staining intensity was scored as follows: 0 (no staining), 1 (weak staining), 2 (moderate staining), and 3 (strongly positive) ( Figure S1 ). The percentage of FOXK2-positive cells was scored as follows: 0 (0%), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4 (76%-100%).
immunohistochemistry staining
Formalin-fixed tissue samples were prepared before immunohistochemical staining, and the staining used the avidinbiotin complex method. The sections were blocked with normal goat serum and were then incubated with the following primary antibodies overnight at 4°C: an anti-FOXK2 antibody (1:500); an anti-Ki67 antibody (1:200); an anti-O-6-methylguanine-DNA methyltransferase (MGMT) antibody (1:200); and an anti-glutathione S-transferase pi (GST-pi) antibody (1:200) (Abcam, Cambridge, UK). The secondary antibody was purchased from Zhongshan Biology (Foshan, China) and was diluted at 1:100. The incubation was at 37°C for 1 h and was then incubated in the avidin-biotin complex solution for another 1 h. Finally, the expression of FOXK2 was detected by coloration with a diaminobenzidine buffer, and the procedure was detected as described previously.
cell culture and transfection
The human glioma cell lines LN229 and U373 were obtained from American Type Culture Collection (Manassas, VA, USA). The cells were cultured in Dulbecco's Modified Eagle's Medium (HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (Gibco ® , Thermo Fisher Scientific, Waltham, MA, USA), 100 μg/mL penicillin (SigmaAldrich Co., St Louis, MO, USA), and 100 μg/mL streptomycin (Sigma) under 5% CO 2 at 37°C. The glioma cells were seeded and grown in 6-well plates overnight. The transfections with small interfering RNA (siRNA) and the plasmids were performed with a transfection reagent (Hoffman-La Roche Ltd, Basel, Switzerland) according to the manufacturer's protocol. Forty-eight hours following the transfection, the cells were collected and seeded for assays. The sequencespecific siRNA to FOXK2 (si-FOXK2-1 targeting the following sequence 5′-GAGTTCGAGTATCTGATGA-3′, si-FOXK2-2 targeting the following sequence 5′-GCGAAC ACGTACACTGTCT-3′) and the control siRNA were purchased from RiboBio (Guangzhou, China). A plasmid encoding the FOXK2 protein was purchased from Genscript (cloning ID S57120; Nanjing, China).
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FOXK2 suppresses glioma progression Western blot analysis, rna isolation, and real-time Pcr Antibodies for FOXK2 (1:1,000), E-cadherin (1:1,000), N-cadherin (1:1,000), and vimentin (1:1,000) (Abcam) were used for the Western blot analysis. Total RNA was isolated with TRIzol (Invitrogen, Thermo Fisher Scientific) according to the manufacturer's protocol. Equal amounts of RNA were converted into cDNA using FOXK2 primers with the PrimeScript RT reagent Kit (Promega Corporation, Fitchburg, WI, USA). The primer sequences for FOXK2 were as follows: forward, 5′-GCTCACCCTGAACGGGATTT-3′; and reverse, 5′-TCCTCCAGAACGAGCCTTTG-3′. The real-time PCR analysis contrasts the relative expression levels of FOXK2.
cell counting Kit-8 assay
We used Cell Counting Kit-8 (CCK-8) assays to evaluate the growth rates. After transfection for 48 h, the cells were plated in 96-well plates. After culturing for 24, 48, 72, and 96 h, 20 μL of CCK-8 solution (Beyotime, Shanghai, China) was incubated in each well at 37°C for 4 h. The absorbance was measured via a spectrophotometer at 495 nm. The rate of proliferation was equal to the OD value divided by the average OD value at 24 h.
Transwell migration assay
The ability of cells to migrate was assessed using transwell filters (Corning Incorporated, Corning, NY, USA). The cells were incubated for 48 h at 37°C in 5% CO 2 . Cell migration and invasion to the underside of the transwell membrane was detected by staining the cells with crystal violet, and then the cells were counted and imaged under an inverted microscope at ×200 magnification (Olympus, Tokyo, Japan). The results are expressed as the average number of invading cells per field.
Transwell invasion assay
The ability of cells to invade was assessed using transwell filters (Corning). A total of 30-50 μL of Matrigel (Corning) was added to the transwell inserts to form a thin gel layer. The cells were incubated for 48 h at 37°C in 5% CO 2 . Cell migration and invasion to the underside of the transwell membrane was detected by staining the cells with crystal violet, and then the cells were counted and imaged under an inverted microscope at ×200 magnification (Olympus). The results are expressed as the average number of invading cells per field.
statistical analysis
The clinicopathological correlations were analyzed using chi-square analysis. Survival curves were plotted with the Kaplan-Meier method, and differences between the survival curves were tested by the log-rank test. Cox's proportional hazards model was used to identify factors with an independent influence on survival. Student's t-test was conducted for comparison between two groups. The data are presented as the mean values (±SD). SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA) was used for all data analyses. The differences were considered significant when p,0.05. Figure 1A ). The expression level of FOXK2 was divided into low (score 0-4) and high (score 6-12) expression groups using the mean expression score (5.95) as a cutoff point. The proportion of Ki67-positive cells ranged from 1% to 72%, and a median value of 13.9% was used as the cutoff value for distinguishing between the low and high groups. The proportion of MGMT-positive cells was 52.3%. The proportion of GST-pi-positive cells was 43.7%.
Results
FOXK2 is downregulated in high-grade glioma compared to low-grade glioma
To verify the expression of FOXK2 in glioma, 23 lowgrade glioma tissues and 23 high-grade glioma tissues were subjected to quantitative reverse transcription PCR. The results showed that the FOXK2 mRNA level in high-grade glioma tissues was significantly lower than that in the lowgrade glioma tissues ( Figure 1B We investigated the prognostic value of FOXK2 expression and the clinicopathological parameters on the overall survival (OS) of the patients using survival analysis. The result revealed that patients with a high FOXK2 expression had a longer OS ( Figure 1C ). Cox regression analysis showed that the OS was relative to the expression of FOXK2 (p,0.01). Combined with the earlier results, FOXK2 was an independent prognostic indicator for glioma patients (Table 2) .
FOXK2 inhibits glioma cell proliferation
To identify the role of FOXK2, we downregulated the level of FOXK2 in the glioma cell line LN229. The transfection efficiency was validated by the Western blot analysis and realtime PCR analysis (Figure 2A) . The CCK-8 assays revealed that downregulated FOXK2 expression promoted the proliferation of LN229 cells ( Figure 2B ). The colony-formation assay confirmed that the proliferation rate was increased by FOXK2 knockdown ( Figure 2C ). Then, we upregulated the level of FOXK2 in the glioma cell lines LN229 and U373. The transfection efficiency was validated by Western blot analysis and real-time PCR analysis ( Figure 2D and 2G) . The CCK-8 assays revealed that increased FOXK2 expression inhibited the proliferation of the glioma cells ( Figure 2E and 2H). The colony-formation assay confirmed that the proliferation rate was inhibited by FOXK2 knockdown (Figure 2F and 2I) .
FOXK2 inhibits glioma cell migration and invasion
Downregulation of FOXK2 efficiently increased the cell migration and invasion of the LN229 cells compared to the control cells ( Figure 3A) . To explain the reason for the increased cell migration and invasion, we measured the EMT biomarker levels. The expression of E-cadherin was decreased by knockdown of FOXK2 in the LN229 cells, and conversely, the expression of vimentin and N-cadherin 
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FOXK2 suppresses glioma progression increased ( Figure 3B ). Upregulation of FOXK2 efficiently reduced the cell migration and invasion of the LN229 and U373 cells compared to the control cells ( Figure 3C and 3E) . We also measured the EMT biomarker levels. The expression of E-cadherin increased with upregulation of FOXK2 in the LN229 and U373 cells, and, conversely, the expression of vimentin and N-cadherin decreased ( Figure 3D and F) .
Discussion
Growing evidence shows that FOXK2 plays a crucial role in cancer development, which makes FOXK2 a valuable biomarker for the treatment of cancer. [7] [8] [9] 15 Overexpression of FOXK2 inhibits the proliferation and metastasis of breast cancer, non-small cell lung cancer, and colorectal cancer and is related to the clinical prognosis. 7, 8, 15 Liu et al 15 found that FOXK2 might act as a negative regulator of ERa and suppressed the proliferation of ERa-positive breast cancer cells, and a high expression of FOXK2 was associated with poor clinical outcomes. Chen et al 8 found that Foxk2 inhibits non-small cell lung cancer cell growth by regulating cyclin D1 and CDK4, and foxk2 also affects the non-small cell lung cancer EMT process; reducing foxk2 expression is related to better OS. Qian et al 7 suggested that the oncogene Sox9 activates foxk2 and participates in the pathogenesis of colorectal cancer, which may be a new target for the treatment of colorectal cancer, and the patients with a high FOXK2 expression had a poor OS. However, in hepatocellular carcinoma, FOXK2 resulted in the opposite phenotypes. Lin et al 9 found that high expression of FOXK2 promoted tumor cell growth and migration via activation of the phosphoinositide 3-kinase/AKT pathway and was associated with a poor prognosis. The molecular mechanism of how FOXK2 impacts cancer cell development remains incompletely clear. Shan et al 14 found that FOXK2 inhibits the proliferation and invasion of breast cancer cells and suppresses the growth and metastasis of breast cancer. However, Marais et al 16 found that knocking down FOXK2 decreased BrdU incorporation and H3 phosphorylation and increased caspase 3 activity in NmuMG cells, suggesting that tumor proliferation was weakened and apoptosis was increased. The effect of FOXK2 on cell proliferation and survival is associated with Bcl-2. 16 Moreover, Wang et al 5 found that disheveled (DVL) proteins, a common essential component of Wnt/β-catenin, were activated by FOXK1/2 and, thus, may contribute to intestinal tumorigenesis. Therefore, the role of FOXK2 may not be the same in different tumor cell lines or under different conditions.
The forkhead family of transcription factors contains more than 100 members, and all of these contain a special DNA binding domain. 17 FOXK2, as one of the members, affects a variety of gene expression through sequence-specific DNA binding. In breast cancer cells, Shan et al 14 found that 
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Wang et al FOXK2 interacted with transcription corepressor complexes containing HDAC activities, such as NCoR/SMRT, SIN3A, nucleosome remodeling and deacetylase (NuRD), and REST/ CoREST, to repress the amount of genes, such as hypoxiainducible factor 1-beta (HIF1β) and enhancer of zeste 2 polycomb repressive complex 2 subunit (EZH2), and to regulate several signaling pathways, such as hypoxia, Notch, blood vessel development, and cell metabolism. Nestal de Moraes et al 6 found that FOXK2 combined with the FOXO3a promoter. In breast cancer cells, FOX3a is a crucial mediator of the cytotoxic and antiproliferative effect of chemotherapeutic agents. Ji et al 12 found that FOXK2 recruited BAP1, an important tumor suppressor protein that promotes local histone deubiquitination and causes changes in target gene activity, to the target gene. Bowman et al 18 found that FOXK1/2 recruited Sin3A-HDAC complexes, causing the decreased acetylation of histone H4, which decreased the expression of autophagy genes. At the present time, the mechanism of FOXK2 in different cancers is complicated, and the role of FOXK2 in gliomas has not been explored. In our research, the level of FOXK2 was evaluated in different grades of glioma tissues. We found that expression of FOXK2 was lower in high-grade (WHO III and IV) glioma compared with low-grade (WHO I and II) glioma. The correlation analysis of the clinical data showed that FOXK2 negatively correlated with the WHO grade and Ki67 but was not correlated with MGMT and GST-pi. Ki67 is an indicator of cell proliferation in clinical work. 19 MGMT and GST-pi are recognized as resistance genes of the antineoplastic alkylating agent. [20] [21] [22] [23] Therefore, our study showed that FOXK2 may 
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FOXK2 suppresses glioma progression promote the proliferation of glioma but is not involved in the drug resistance mechanisms of glioma. The Kaplan-Meier analysis and Cox regression analyses revealed that the high level of FOXK2 means a better prognosis, and FOXK2 may serve as a potential therapeutic target in glioma and as a prognostic marker for glioma patients. We decreased the expression of FOXK2 in LN229 cells using siRNA. We found that the proliferation, migration, and invasion of the cells were inhibited via the CCK-8 experiments, plate cloning experiments, and transwell experiments. Then, we upregulated the level of FOXK2 in the glioma cell lines LN229 and U373. We found that the proliferation, migration, and invasion of cells were enhanced via the CCK-8 experiments, plate cloning experiments, and transwell experiments. These experiments proved that FOXK2 promoted cell proliferation, migration, and invasion.
Recently, EMT in glioma has attracted much attention. Glioma, like other types of cancer, has a high plasticity, including changes in epithelial and mesenchymal phenotypes. 24 Some researchers propose the term "glial-to-mesenchymal transition (GMT)" or an EMT-like process. 25 EMT is a critical step in cancer metastasis. During the EMT process, epithelial cells obtain the characteristics of mesenchymal phenotypes and gain the ability to migrate and contribute to tumor metastasis. The major changes in the EMT process are the continuous decreased E-cadherin expression level and the increased N-cadherin expression level. 26 In our study, we found that FOXK2 inhibited the process of EMT in glioma, which increased invasion and migration. FOXK2 is a critical mediator of the EMT process.
Conclusion
In summary, our study suggests that FOXK2 may play an important role in glioma. FOXK2 inhibited glioma cell proliferation, migration, and invasion. FOXK2 was a critical mediator of the EMT process. However, the exact molecular mechanisms by which FOXK2 inhibits glioma cell development require further study.
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